Materials and methods

Chemicals and cells
Rubratoxin B was purchased from Sigma-Aldrich (USA), and was dissolved in dimethyl sulfoxide. Cy 3-glc ( Fig. 1A) , Pn 3-glc ( Fig. 1B) and Mv 3-glc (Fig. 1C) were purchased from EXTRSYNTHÈ SE (France), and were dissolved in ethanol. Fetal calf serum (FCS) was purchased from JRH Biosciences Inc. (USA). Cell Proliferation ELISA, BrdU (colorimetric) was purchased from Roche Diagnostics (Switzerland). Cultured human promyelocytic leukemia cell line HL60 was purchased from Riken Cell Bank (Japan). HL60 cells were cultured in RPMI 1640 medium containing 10 % FCS.
Treatments of cells and assays
The method used to measure 5-bromo-2-deoxyuridine (BrdU) incorporation during DNA synthesis was identical to that of Nagashima and Goto 13) . Two times 10 3 cells in 100 µl, together with the required chemicals, were placed in each well of a 96-well microtiter plate for BrdU incorporation (Cell Proliferation ELISA, BrdU (colorimetric)). Cell proliferation was examined after 24 hr-culture. The methods used to measure interleukin (IL)-8, tumor necrosis factor (TNF)-and monocyte chemotactic protein (MCP)-1 were identical to those of Nagashima et al. 14) .
Approximately 10 5 cells in 0.5 ml of medium were cultured in each well of a 24-well culture plate for 24 hr followed by collection of the medium. Collected media were centrifuged at 1,000 x g for 5 min. to remove cell debris, and the resulting supernatants were subjected to assays. The levels of IL-8, TNF- 
Statistics
Data were expressed as mean S.D., and were analyzed statistically by the Williams' test.
Results
Fig. 2 shows the effects of anthocyanins on BrdU incorporation in rubratoxin B-treated cells.
Rubratoxin B retarded the proliferation of cultured cells including HL60 cells 13, 15) . Cy 3-glc slightly impaired the inhibitory effect of rubratoxin B on cell proliferation; however, its effect was not statistically significant under our experimental conditions (Fig. 2) . Pn 3-glc treatment had little effect on cell proliferation, although the difference between the values at 0 and 100 µM was statistically Treatments of these three anthocyanins in the absence of rubratoxin B had little effects on the proliferation (data not shown).
Rubratoxin B induced the secretion of IL-8, TNF-and MCP-1 in HL60 cells 14) . In this study, we investigated the effects of anthocyanins on their secretion. The effects of anthocyanins were dosedependent, but we could not observe any statistically significant differences between samples treated with 0 and 50 µM anthocyanins ( Fig. 3) . While a statistically significant (p < 0.05) decrease in IL-8 secretion was observed in samples treated with 100 µM Cy 3-glc or Pn 3-glc, the effects of the tested anthocyanins on IL-8 secretion were not very substantial ( Fig. 3 ). With regard to TNF-, none of the anthocyanins affected the rubratoxin B-induced secretion (Fig. 3 ). All three anthocyanins strongly boosted the secretion of MCP-1 at 100 µM ( Fig. 3 ).
Discussion
The anthocyanins fell into two classes, based on their effects on cell proliferation. Mv 3-glc retarded the proliferation of rubratoxin B-treated HL60 cells, but the other two anthocyanins did not (Fig. 2) . The difference in chemical structure between Mv 3-glc and the others is the presence of an R group in the 5' position at the B ring of the aglycon (Fig. 1) , which suggests that the effects of exhibited no inhibitory effect on two cultured cell lines 17) , as we also observed (data not shown). It appears that Mv 3-glc alone does not affect cell proliferation. To our knowledge, the effects of Cy 3glc and Pn 3-glc on cell proliferation have not been reported.
On the other hand, the effects of anthocyanins on cytokine secretion were totally different from those on cell proliferation. All three anthocyanins appeared to share similar activities (Fig. 3) .
Except for the stimulation of MCP-1 secretion by 100 µM anthocyanins, cytokine secretion was not markedly influenced ( Fig. 3) . Thus, it is not likely that R groups in the 3' and 5' positions at the B ring of the aglycon contributes to the effects of anthocyanins on cytokine secretion. In other words, the common structure shared by the three anthocyanins was considered to promote rubratoxin Binduced MCP-1 secretion. Treatments of 100 µM anthocyanin alone did not increase MCP-1 secretion (data not shown), indicating that the effects of rubratoxin B and anthocyanins were interactive.
A few groups have investigated the effects of anthocyanins on cytokine secretion. Wang and Mazza 18) and Tsuda et al. 19) reported the effects of anthocyanins on TNF-secretion in lipopolysaccharides (LPS)/interferon (IFN)--treated cultured macrophage cells and Zymosan (cell wall of yeast)-treated rats, respectively. To our knowledge, the effects of anthocyanins on neither IL-8 nor MCP-1 secretion have been reported. Wang and Mazza reported that Cy 3-glc and Mv 3-glc slightly increased and decreased LPS/IFN--induced TNF-secretion, respectively 18) . Our results were consistent with theirs, in that the treatment of Cy 3-glc showed a similar tendency in our study, although the effects were not statistically significant (Fig. 3) . With respect to Mv 3-glc, their results were not statistically Mycotoxins 30 significant 18) , and neither were ours. On the contrary, Cy 3-glc markedly reduced Zymosan-induced TNF-secretion in rats 19) . This discrepancy may have stemmed from the different experimental systems used (animals versus cultured cells).
The anthocyanins used in this study did not appear to impair the toxicity of rubratoxin B, suggesting that oxygen free radicals play no or trivial roles in mediating the physiological activities of rubratoxin B. Infiltration of neutrophils into rubratoxin B-treated mouse liver was reported 20) , and it is known that when activated neutrophils kill other cells, they release oxygen free radicals. Thus, chances are that anti-oxidant chemicals such as anthocyanins protect against the toxicity of rubratoxin B in animals.
In summary, we found that the 5' position at the B ring of the aglycon portion of anthocyanins appears to play a pivotal role in anthocyanins' effects on cell proliferation, but regarding cytokine secretion, the B ring is not thought to be very important. However, further studies are needed to elucidate the detailed mechanisms of activity of anthocyanins.
